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INTRODUCTION
The Illinois Department of Transportation (IDOT), Bureau of Location and Environment, is
required to comply with Section 404(b)l of the Clean Water Act when projects have the potential
to impact on aquatic environments. In addition, IDOT is required by Section 7 of the Endangered
Species Act of 1973, as amended, to conduct a biological inventory for the purpose of identifying
federally listed endangered and threatened species likely to be affected by its highway
construction projects. IDOT also must consider in a similar fashion those species listed as
endangered or threatened in Illinois by the state Endangered Species Protection Board, as
required by the April 1986 Illinois Department of Conservation Procedural Plan for
Implementing Executive Order No. 7: Protection of Endangered Species and Natural Areas. In
many cases, the general distribution patterns of these species are known, but specific records
from given project areas are not available. A field reconnaissance and review of appropriate
publications and museum records usually are necessary to determine whether or not a species
actually occurs or is likely to occur in a project area.
In conjunction with the proposed IDOT / Hannibal Bridge project (IDOT Job Number
P96-037-73), in which a new U.S. Route 36 bridge will be constructed across the Mississippi
River, the Illinois Natural History Survey (INHS) conducted an inventory to determine the
actual or likely occurrence of freshwater mussels (Mollusca: Unionacea) within the project
area.
During our survey for Mississippi River mussels, particular attention was given to species
listed or considered for listing as endangered or threatened by the U. S. Department of the
Interior, Fish and Wildlife Service (USDI / FWS) (1984a, 1984b) that, based upon past
records and information about habitat preferences, are known or thought likely to occur in the
Mississippi River. In addition, attention was directed toward those species of mussels currently
under consideration for state listing as endangered or threatened.
DESCRIPTION OF STUDY AREA
The Mississippi River site surveyed for mussels and discussed in this report is located between
East Hannibal in Pike County, Illinois, and Hannibal in Marion County, Missouri, between
Mississippi River mile (MRM) 309.9 and MRM 309.2 (Figure 1). The legal locality of the
study area, taken from a U. S. Geological Survey topographic quadrangle map, is as follows:
ILLINOIS, Pike County, and MISSOURI, Marion County, Mississippi River
(MRM 309.6), between East Hannibal, Illinois, and Hannibal, Missouri.
4th P.M.: T.4S, R.8W, Sec. 30. U.T.M.: Zone 16, 411020m E, 4310080m N.
elev.: 137 m. Hannibal East, MO. - ILL. (7.5' series, 1985 provisional ed.)
USGS topographic quadrangle map (center of project area).
METHODS
Illinois Natural History Survey malacologist J. M. K. Berlocher and INHS zoologists M. J. Wetzel
and D. A. Carney visited the site of the proposed U.S. Route 36 bridge on 15 and 16 September
1986. Brail sampling was conducted between the existing U. S. Route 36 bridge (Mark Twain
Memorial Bridge, MRM 309.2) and the Burlington Northern / Norfolk and Western railroad
bridge, approximately 0.7 mi upstream (MRM 309.2) (Figures 1 & 2).
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Figure 1. Location of Hannibal Bridge / Mississippi River project site (Pike County, Illinois,
and Marion County, Missouri) surveyed for unionid mussels during September 1986
and October 1987. Scale: 1"= 2,000'.
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Figure 2. Location of brail runs (solid lines) established between the Burlington Northern /
Norfolk & Western railroad bridge (MRM 309.9) and the U.S. Route 36 (Mark Twain
SMemorial) bridge (MRM 309.2), Pike County, Illinois, and Marion County,
Missouri. Encircled numbers at the end of brail runs refer to the total number of
live mussels collected from that brail run on 15 and 16 September 1986.
Scale: 1" =475'.
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4Eight parallel brail runs (Figure 2: A through H) were made between the two bridges, each
beginning at a piling of the railroad bridge and terminating just below the existing U. S. Route 36
bridge. The brail was removed from the water and examined at intervals (four to ten along each
run), and the presence or absence of mussels was noted (Figure 2). When mussels were
present, they were identified, counted, and except for voucher specimens, returned alive to the
river.
A quantitative SCUBA survey for mussels in the vicinity of proposed U. S. Route 36 bridge
alignment was conducted on 9, 10, and 11 October 1987. The survey was conducted by INHS
zoologists M. J. Wetzel and P. A. Ceas, with assistance from INHS zoologist K. D. Blodgett, diver/
malacologist D. J. Heath of LaCrosse, Wisconsin, and divemaster D. A. Brown of Champaign,
Illinois. IDOT personnel B. Stevens and C. Perino as well as A. C. Buchanan and L M. Koch of the
Missouri Department of Conservation were present at various times and observed and/or
assisted with the survey.
Two parallel transects, approximately 25 m apart and following the proposed bridge alignment,
were established across the river. Ten approximately evenly-spaced intervals were sampled
along each transect, with each interval consisting of four quadrat samples spaced approximately
10 to 15 m apart (Figure 3). At each quadrat, the diver searched the substrate within a 1-m2
metal frame. Since the turbidity of the water prevented visual inspection of the bottom, the
diver located mussels by feeling over and digging with his fingers a short depth into the
substrate. All living mussels and dead shells were collected from within the frame and returned
to the surface for processing. With the exception of voucher specimens, all mussels were
returned alive to the river.
Mussels collected during qualitative and quantitative sampling and retained as~voucher material
(no more than one or two individuals per species), were deposited in the INHS Mollusk
Collection. Some voucher specimens also were retained by Mr. Heath for deposit into the
Museum of Zoology at the University of Wisconsin at Madison. Nomenclature for mussels
collected during the present study (as well as in discussions of previous mussel surveys) follows
the draft list prepared by the Council of Systematic Malacologists and American Malacological
Union Committee on Scientific and Common Names (1987, in press) except for the Pleurobema
cordatum complex. Since the systematics, nomenclature, and diagnosis for the species of
Pleurobema presently are unresolved, we have decided to refer to the Pleurobema species from
the Mississippi River collectively as the "Pleurobema cordatum complex," as did Starrett
(1971), for those from the Illinois River; see Starrett (1971) and Fuller (1980) for
discussions of this problem.
RESULTS
During field work conducted in September 1986, brail sampling yielded 24 individuals,
representing nine species of live mussels (Table 1; numbers and species of mussels collected
from each brail run are given in Appendix 1). Obovaria olivaria was the most abundant species
(eight individuals) collected with the brail. Quantitative sampling with SCUBA in October,
1987, yielded 78 individuals, comprising 17 species of live mussels (Table 1; numbers and
species of mussels collected alive from each quadrat sample, together with depth and
characterization of the substrate at each quadrat, are given in Appendix 2). The most abundant
species in the quantitative collection was Leptodea fragilis, which accounted for 20.51% of the
total. Only one other species, Megalonaias nervosa (= gigantea), made up more than 10% of the
total (17.75%). The remaining species each accounted for 8.97% to 1.28% of the total.
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Figure 3. Location of transects established parallel to and along each side of the proposed
alignment of the new U.S. Route 36 bridge between East Hannibal in Pike County,
Illinois, and Hannibal in Marion County, Missouri. Each square represents a
sampling location (1-m2) surveyed for unionid mussels on 9, 10, and 11 October
1987. Scale: 1" = 550'.
6Table 1. Species and numbers of unionid mussels collected alive from the Mississippi River at the
site of the proposed U.S. Route 36 bridge at Hannibal, Missouri (between MRM 309.9
and 309.2) by INHS personnel during preliminary brail sampling (15 and 16 September
1986) and during quantitative SCUBA sampling (9, 10, and 11 October 1987).
Preliminary brail sampling Quantitative SCUBA sampling
Species (15 & 16 September 1986) (9, 10, & 11 October 1987)
Amblema plicata
Anodonta grandis
Ellipsaria lineolata
Fusconaia flava
Lampsilis cardium (=ventricosa)
Lampsilis teres
Leptodea fragilis
Megalonaias nervosa
Obliquaria reflexa
Obovaria olivaria
Potamilus alatus
Potamilus ohiensis
Quadrula nodulata
Quadrula pustulosa
Quadrula quadrula&
Truncilla donaciformis
Truncilla truncata
Total Number of Individuals
Total Number of Species
2
0
2
0
1
0
0
0
1
8
2
0
2
2
3
0
0
24
6
1
3
1
3
1
16
14
2
7
5
3
2
2
3
4
5
78
17
7Species constituting more than 5% of the total included Obovaria olivaria (8.97%), Amblema
plicata (7.69%), Potamilus alatus (6.41%), Truncilla truncata (6.41%), and Truncilla
donaciformis (5.13%).
HISTORICAL AND RECENT MUSSEL STUDIES IN THE UPPER MISSISSIPPI RIVER
Freshwater mussels in the upper Mississippi River have been studied with varying intensity for
more than a century (e. g., Pratt 1876; Shimek 1888; Baker 1905; Grier 1922, 1926; van
der Schalie and van der Schalie 1950; Fuller 1978; 1980; Perry 1979; Ecological Analysts
1981b). Results of these studies have been recorded in journals, in published and unpublished
technical reports, and in numerous museum collections. Because of the volume and dispersal of
this information, a comprehensive discussion of the past and present mussel fauna of the upper
Mississippi River is beyond the scope of this report. Nevertheless, a discussion of the major
studies may provide an idea of the historical make-up of the fauna and how it has changed over
the past century. The emphasis of this discussion will be upon studies that have included
sampling sites in Pool 22, since the Hannibal Bridge (U. S. Route 36) study site lies
approximately midway between locks and dams 21 and 22. An outline of pertinent information
about each study discussed in this section of the report is presented in Appendix 3.
Many of the early studies on upper Mississippi River mussels can be linked to their importance
to the pearl button industry (e. g., Lefevre and Curtis 1912; Coker 1919; and Coker et al.
1921). Quantitative studies, however, were rare. During 1930 and 1931, M. M. Ellis
conducted the first mussel study in which an attempt was made to quantify populations along most
of the length of the upper Mississippi River (van der Schalie and van der Schalie 1950).
According to locality data presented in van der Schalie and van der Schalie (1950), Ellis sampled
75 sites, which he grouped into 14 zones, between Frontenac, Minnesota (upper Lake Pepin) and
Grafton, Illinois (below the mouth of the Illinois River). Sampling was accomplished primarily
by means of a dredge apparatus "which covered 6 square feet of river bottom and brought up the
entire sample...." Dredge sampling was supplemented with pollywogging, raking, and sieving.
Species and numbers of mussels collected were recorded for each zone. Ellis collected a total of
6,902 individuals comprising 38 species during his study (Appendix 3-A).
From Zone 11 (the "Hannibal, Missouri Area"), Ellis collected 291 individuals representing 15
species of mussels (Table 2). Of particular interest is the collection from the Hannibal area of
29 individuals of Potamilus capax, presently listed as a federally endangered species (USDI /
FWS 1984a). These 29 accounted for 62% of all P. capax collected in the Ellis survey. In fact,
P. capax was about four times more abundant at Zone 11 than at any other zone in Ellis' study.
Potamilus capax made up 9.96% of all mussels collected from Zone 11 and was the fourth most
abundant species collected from that zone. These data suggest that the vicinity of Hannibal once
was an important site for P. capax in the Mississippi River.
Few studies on Mississippi River mussels were conducted between the early 1930's and the late
1960's. As the pearl button industry declined, so apparently did interest in mussels. However,
the development of the Japanese cultured pearl industry created a new demand for Mississippi
River shells, and interest in mussels was revived (Lopinot 1967, 1968). At about the same
time, it became apparent that some mussel species were in danger of becoming extinct; two from
the upper Mississippi River (Lampsilis higginsi and Potamilus capax) received protection
under the Endangered Species Act of 1973. Concern for the mussel resource, and for endangered
and other rare species in particular, provided the impetus for new mussel surveys in the upper
8Table 2. Species of unionid mussels collected alive from the Mississippi River, Pool 22
(MRM 324 to 301), during historical and recent surveys.
Study *
Species
Ecological
Ellis Perry Frietag Ostdiek Analysts
Amblema plicata + + + + +
Anodonta grandis -+ + + +
Anodonta imbecillis - - - - +
Arcidens confragosus - + + +
Ellipsaria lineolata - + - +
Fusconaia ebena + + - -
Fusconaia flava + + - + +
Lampsilis teres + - + +
Lampsilis ventricosa - + -+ +
Lasmigona cardium (=ventricosa) - - + +
Leptodea fragilis + + + + +
Ligumia recta + -
Megalonaias nervosa + + - - +
Obliquaria reflexa + + + + +
Obovaria olivaria + + + - +
Potamilus alatus - + - + +
Potamilus capax + - -
Potamilus ohiensis + - + + +
Quadrula metanevra - + - -
Quadrula nodulata + + + + +
Quadrula pustulosa -+ + + +
Quadrula quadrula + + + + +
Tritogonia verrucosa + - - -
Truncilla donaciformis + -- - +
Truncilla truncata - - - - +
Total number of Species 1 5 1 6 1 0 1 4 1 9
Total number of species from all studies collectively = 25
* Ellis study conducted by M. M. Ellis during 1930-1931, reported by van der Schalie
and van der Schalie (1950); Perry study conducted by the Upper Mississippi River
Conservation Committee during 1975-1977, reported in Perry (1979) and Kindschi
(1980); Freitag study conducted in 1978, recorded in Kindschi (1980); Ostdiek study
conducted by Ostdiek et al. in 1979, reported in Kindschi (1980); Ecological Analysts
study conducted during 1979-1980, reported in Ecological Analysts (1981b).
9Mississippi River. Numerous mussel surveys since have been conducted, most of them associated
with various activities that would have the potential to affect mussels adversely (e. g., barge
fleeting, bridge construction, channel maintenance, etc.). In order to coordinate information
from the many studies conducted between 1967 and 1979, the U. S. Fish and Wildlife Service,
Office of Endangered Species (Region 3) assembled A Compendium of Mollusk (Naiad) Surveys
Taken from the Upper Mississippi and Major Tributaries (Kindschi 1980) (hereafter referred
to as the Compendium). The Compendium gives a brief description of each study, and results
(species and number of individuals collected, when available) are tabulated by Mississippi River
mile (MRM). Since the large number of studies prevents individual discussion of each one,
again, only the major studies and those with stations in Pool 22 will be discussed in this report.
One of the earlier studies included in the Compendium was conducted by the Upper Mississippi
River Conservation Committee (UMRCC) (Perry 1979) (Appendix 3-B). Sampling, which
began in 1975, consisted initially of collecting shells from exposed dredge spoils; later,
brailing, pollywogging, and SCUBA diving also were employed in order to collect live specimens.
In addition, information about the location of mussel beds was obtained from commercial mussel
fishermen.
The UMRCC survey (Perry 1979) was conducted in conjunction with other UMRCC fishery
research; it was not an independent, "full-time research effort." For that reason, sampling was
not uniform among the 165 sites investigated. In particular, the lower pools (24, 25, 26, and
26b) were sampled less frequently than the upper pools (22 and above). Nevertheless, the
UMRCC survey provided the most comprehensive assessment of the status of the mussels of the
upper Mississippi River since the work of Ellis (van der Schalie and van der Schalie 1950).
Perry (1979) reported the collection of 33 species of unionid mussels during the UMRCC study.
He did not list the number of live specimens collected of each species, however, and the actual
number of species that were collected alive, however, is not clear. For example, as tabulated in
Kindschi (1980), Perry's data appeared to indicate that Potamilus capax, P. purpuratus,
Cumberlandia monodonta, and Cyclonaias tuberculata were found as living specimens. However,
notes on the condition (live vs. dead) of specimens from individual collecting sites indicated that
only dead shells were present where the above species were collected. It may be possible that at
some sites where live mussels were found, some of the species reported by Perry were collected
only as dead shells. The collection by Perry of P. purpuratus (whether as a live specimen or a
dead shell) is noteworthy as it was not reported by earlier workers (Grier and Mueller
1922-23; van der Schalie and van der Schalie 1950). Some recent (post-1965) collections of
P. purpuratus from Mississippi River sites downstream from St. Louis subsequently have been
reported by Oesch (1984).
The UMRCC study included six sites within Pool 22, from which Perry reported the collection of
16 species, one more than the number reported by van der Schalie and van der Schalie (1950)
from Ellis' Zone 11 (Table 2). Again, it should be remembered that the actual number of
species collected alive during the UMRCC study is not certain.
Seven of the species (Lampsilis teres, Ligumia recta, Potamilus capax, P. ohiensis, Quadrula
nodulata, Tritogonia verrucosa, and Truncilla donaciformis) that were collected by Ellis from
the Hannibal area were not collected from Pool 22 during the UMRCC survey (Perry 1979).
Also, seven of the species (Anodonta grandis corpulenta, Arcidens confragosus, Ellipsaria
lineolata, Lampsilis cardium, Potamilus alatus, Quadrula metanevra, and 0. pustulosa) reported
by Perry (1979) from Pool 22 were not collected by Ellis from the vicinity of Hannibal.
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Although the UMRCC study yielded one more species than did that of Ellis, some of the species not
reported by Perry (1979) (e. g., Lampsilis teres, Potamilus capax, and Tritogonia verrucosa)
are among those that are believed to have declined drastically from their former abundance in the
upper Mississippi River (Fuller 1980).
Perry (1979) noted that although sampling effort was "fairly evenly divided" among pools 14,
16, 17, 18, 19, 20, 21, and 22, the lower pools (20, 21, and 22) yielded fewer mussels. He
noted only two beds in the lower pools, both which were "of poor quality compared to beds
further upstream." Perry reported that more than 20 miles of brail runs in pools 20, 21, and
22 produced fewer than 100 mussels.
Also included in the Compendium (Kindschi 1980) are results of some of the studies (Freitag
1978; Fuller 1978) sponsored by the U. S. Army Corps of Engineers (USACE) in response to
concern about the effects of channel maintenance upon mussel populations (particularly those of
federally listed endangered species) in the upper Mississippi River (Havlik and Stansbery
1978; Ecological Analysts 1981b).
Fuller (1978) sampled approximately 40 sites associated with channel maintenance in a stretch
that extended from Pool 1 (Minneapolis, Minnesota) through Pool 21 (Quincy, Illinois) during
1977 and 1978 (Appendix 3-C). Brailing was the principal sampling method used in this
study; some shallow areas also were sampled by wading and hand-picking. Over 8,000 live
mussels, comprising 31 species, were collected during Fuller's (1978) study. He collected one
live specimen of the federally listed endangered species Lampsilis higginsi from one site in Pool
10. He also collected six specimens of Cumberlandia monodonta, a species presently under
consideration for federal listing as endangered or threatened (USDI/FWS 1984b), from one site
in Pool 19.
Like Fuller (1978), Freitag (1978) investigated mussel populations associated with channel
maintenance by the USACE. Freitag sampled nine sites between MRM 301.9 and 485.0 (pools
16, 18, 19, 20, 21, and 22) (Appendix 3-D). Sampling methods included brailing with
supplementary hand-picking. Although Freitag collected a total of 432 individuals representing
28 species of unionid mussels, this figure does not include individuals collected at MRM 485.0,
which, except for one specimen of Cumberlandia monodonta, were not enumerated. No live
specimens of any federally listed endangered species were found by Freitag, but one individual of
C. monodonta was collected at each of two localities: between MRM 482.9 and 483.1, and at
MRM 485.0. Freitag also collected several specimens of Ellipsaria lineolata (proposed for
listing as threatened in Illinois) from one site in Pool 20 and from three sites in Pool 16.
Freitag (1978) found a total of 60 live individuals comprising 10 species of mussels at the two
sites he sampled in Pool 22. Table 2 includes a list of these species. No live specimens of any
federally listed endangered species or species under consideration for federal listing were found.
No species proposed for listing as endangered or threatened in Illinois were collected alive by
Freitag (1978) from Pool 22. Freitag did, however, find one subfossil valve of the federally
listed endangered Potamilus capax at each of the two Pool 22 sites (Table 3).
Results from one other mussel survey with sampling sites in Pool 22 were included in the
Compendium (Kindschi 1980). Ostdiek et al. (1979) conducted a study in 1979 for "the new
bridge location at Quincy, Illinois" [this is the extent of the information provided about the
purpose of the study in Kindschi (1980)] (Appendix 3-E). They sampled six sites, including
one in Pool 22, at MRM 319 (10 river miles upstream from the present Hannibal Bridge study
area). Sampling methods were not specified in Kindschi (1980). Ostdiek et al. collected 15
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species of mussels, eight of which were found at the site in Pool 22 (Table 2). The Pool 22 site
yielded 172 live mussels. They found no federally listed endangered species, no species
presently under consideration for federal listing, nor any species proposed for listing as
endangered or threatened in Illinois.
Mussel surveys conducted since the preparation of the Compendium include a large-scale study
by Ecological Analysts (Ecological Analysts 1981b) conducted during 1979 and 1980 (Appendix
3-F). This was another of the USACE-sponsored surveys concerned with the effects of channel
maintenance on Mississippi River mussels. During this survey, Ecological Analysts investigated
29 sites associated with channel maintenance, as well as 3 mussel beds not associated with
channel maintenance for purposes of comparison. Sampling methods employed for this study
included brailing (for all deep areas), and wading, pollywogging, and raking (for shallow areas).
Where numerous mussels were taken during brailing, 0.5-m2 quadrats also were hand-sampled
by SCUBA divers. Ecological Analysts collected 9,710 live individuals, representing 33 species
of unionid mussels during their survey. Included were eight Lampsilis higginsi from pools 11,
13, 16, and 17; two Cumberlandia monodonta from pools 16 and 17; one Plethobasus cyphyus(proposed for state listing in Illinois as threatened) from Pool 16; and 220 Ellipsaria lineolata(also proposed for state listing in Illinois as threatened) from pools 11, 13, 14, 15, 16, 17,
18, 19, 21,22, and 24.
Ecological Analysts (1981b) sampled 4 sites in Pool 22 and collected a total of 319 live mussels
representing 18 species, including eight individuals of Ellipsaria lineolata (Table 2). Although
Ecological Analysts collected four more species from Pool 22 than did Ellis from his Zone 11(the vicinity of Hannibal) (van der Schalie and van der Schalie 1950), they failed to collect four
species that were present in the Ellis collection, including the federally listed endangered
Potamilus capax. Also collected by Ellis from Hannibal, but not by Ecological Analysts from Pool
22, were Fusconaia ebena and Tritogonia verrucosa. Although no federally listed endangered
mussels were collected by Ecological Analysts from Pool 22, subfossil valves of Potamilus capax
were collected from the Beebe Island site, between MRM 316.0 and 316.7 (Table 3).
CHANGES IN THE MUSSEL FAUNA OF THE UPPER MISSISSIPPI RIVER
Human activity of various descriptions in the Mississippi River and its watershed, particularly
over the last century, has resulted in profound changes in the habitats of the river (Fuller
1980; Ecological Analysts 1981b). Modifications for the purpose of improving navigation
(construction of dams, channelization, etc.) have reduced severely the heterogeneity of aquatic
habitats in the river. Shallow riffle habitats, in particular, have been eliminated almost
completely. Wastes from the increasingly urbanized Mississippi River watershed have
contributed organic and other pollutants, while increasingly intensive agriculture has added
loads of silt, fertilizers, and pesticides to the river. While the action of any of these particular
factors is not well-understood, it is likely that all or most of them have contributed to habitat
degradation and a reduction in the mussel fauna of the Mississippi River. In addition, intensive
harvest, first for the pearl button and later for the cultured pearl industries (Coker 1919;
Lopinot 1967, 1968), undoubtedly has taken its toll.
The changes that have occurred in the unionid mussel fauna of the upper Mississippi River are
difficult to characterize because so little quantitative historical information is available for
comparison. However, shell piles from archaeological sites have shown that the relative
abundances of some species formerly were quite different from what Ellis (van der Schalie and
van der Schalie 1950) and subsequent investigators have found. Theler (1987) examined over
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Table 3. Records (live specimens as well as dead shells) of Potamilus capax collected from
pools 19 through 24 of the Mississippi River since 1930.
Location Date Description Reference
Pool 19, MRM 398.7
Pool 20, MRM 351.2 to
351.3 ("Gregory Lower
Site")
Pool 21, MRM 335.6 to
337.3 ("LaGrange Site")
Pool 21, MRM 347.6
to 354.5
(present) Pool 22,
in the vicinity of
Hannibal, MO *
Pool 22, MRM 313.0
and 313.4
Pool 22 or 24,
6 mi S Hull,
Pike Co., IL
1978
1980
1980
1986
1930-1931
1978
1953; 1956
one right valve,
judged to have been
dead at least 5 years
"relic valves"
"relic valves"
several valves; I.D.
verifed by D. H.
Stansbery, who
commented that they
were in a very good
state of perservation
29 specimens,
presumably collected
alive, but condition
not specified
2 subfossil shells
not specified whether
collected dead or alive
Freitag (1978), from
Kindschi (1980);
original not seen
Ecological Analysts
(1981b)
Ecological Analysts
(1981b)
L Koch, Missouri
DOC, pers. comm.
van der Schalie and
van der Schalie (1950)
Freitag (1978), from
Kindschi (1980);
original not seen
Illinois State Museum
collection
(Table 3 concluded on next page)
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Table 3 (concluded).
Location Date Description Reference
Pool 24, MRM 287.0,
along right bank
Pool 24 along shore
of Cottel Island, Pike
County, IL
Pool 24, MRM 299.8
to 301.1 (Lock and Dam
22, lower approach),
south end Cottel Island
Pool 24, MRM 299.5
to 301.2, below Lock
and Dam 22, channel
side, north end of
Cottel Island
Pool 24, MRM 287.0,
Pike County, IL
1976
1979
1979
1984
1986
one dead specimen
3 old valves, all with
some periostracum
remaining
"3 relic valves"
"subfossil shell"
I.D. verified by D. H.
Stansbery, who
commented that
the valves were in
a very good state of
preservation
UMRCC, Perry (1979)
Hazelton Environmental
Sciences, from Kindschi
(1980); original not
seen
Ecological Analysts
(1981b)
A. Buchanan, Missouri
DOC, pers. comm.
Memo from L. Koch,
Missouri DOC, to
D. Blodgett, INHS
(and others)
* Ellis collected Potamilus capax from several other sites in the upper Mississippi River(van der Schalie and van der Schalie 1950); only data collected from the site located closest
to the present Hannibal Bridge study area has been included in this table.
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29,000 valves from such shell piles ("kitchen middens") at a site near Prairie du Chien,
Wisconsin, dated approximately 1,000 years B. P. The most obvious difference between the
present (post-1932) fauna and that represented in the middens can be observed in the
abundance of Fusconaia ebena. This species was the most abundant of any from the middens,
accounting for 58.23% of all shells found. Marsh (1887, in Theler 1987) also observed that F.
ebena was the most abundant species of mussel in the Mississippi River in the late 1800's,
which suggests that much of the change in the fauna occurred since about 1900. Fusconaia ebena
made up only 3.56% of Ellis' collection and is virtually extirpated from the upper Mississippi
at present (Kindschi 1980; Theler 1987).
Although little quantitative information about mussel populations in the Upper Mississippi
River before 1930 is available, various workers did publish species lists during the late
1800's and early 1900's (e. g., Pratt 1876; Shimek 1888; Baker 1905; Grier and Mueller
1922-1923).
Grier and Mueller's (1922-1923) list of mussels known from the upper Mississippi River and
its tributaries included 46 species (as currently recognized) recorded from the main stem of
the river. Comparing this list to those obtained from subsequent studies (Table 4), a decrease
in the number of species recorded can be observed. Eight fewer species were recorded by van
der Schalie and van der Schalie (1950) from Ellis' 1930-1931 collection than were listed by
Grier and Mueller. Furthermore, combined records from the studies of Freitag (Kindschi
1980), Fuller (1978), and Ecological Analysts (1981b), together with Oesch's (1984)
records for P. purpuratus, yielded two fewer species than Ellis collected during his single
survey. Presence-absence data are of limited value in assessing changes in the fauna because
they provide no indication of whether a given species is rare or abundant. However, information
about relative abundance is important because, for example, failure to collect a formerly
abundant species probably would reflect an actual change in the fauna, whereas failure to collect
a rare species might be due to chance alone. Since 1930, Ellis and later workers conducted a
number of semi-quantitative (in the sense that numbers of individuals of each species were
recorded) surveys. Comparison of the results of Ellis with those from more recent studies
might be expected to yield a better idea of changes that have occurred in the mussel fauna of the
upper Mississippi River, at least over the past 50 years.
Fuller (1980), for example, compared percentages of his total collection (pools 1 through 22)
(Fuller 1978) made up by each species to corresponding percentages calculated from Ellis' data(Table 5). Two changes that can be seen readily are an increase in the relative abundance of
Amblema plicata, and a decrease in that of Lampsilis teres. Other apparent differences are
decreases in the relative abundance of Lampsilis siliquoidea (from 4.28 to 0.08% of the total)
and Leptodea fragilis (from 10.0 to 1.27% of the total), and an increase in the relative
abundance of Truncilla donaciformis (from 3.17 to 14.20% of the total). Also, Fusconaia ebena
and Tritogonia verrucosa (which accounted for 3.56% and 4.98% of Ellis' total, respectively)
were not collected at all during Fuller's study.
In a similar manner, we have calculated and compared relative abundances of species collected
by Ellis from the vicinity of Hannibal, Missouri, with those collected from approximately the
same area by Ecological Analysts (1981b) (Table 6). As in the comparison with Fuller's study,
there appears to have been a substantial increase in the relative abundance of Amblema plicata
(2.40 to 21.63%) and decrease in that of Lampsilis teres (27.15 to 1.25%). Other apparent
changes include a decrease in the relative abundance of Leptodea fragilis from 14.09 to 1.88%
and an increase in the relative abundances of three Quadrula species (0.34 to 7.84% for Q.
nodulata, 0.0 to 7.52% for 0. pustulosa, and 1.72 to 8.46% for 0. quadrula). Also apparent is
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Table 4. Species of unionid mussels collected from the main stem of the Mississippi River
during historical and recent studies.
Species Prior to 1930* 1930-1931** Since 1975***
Actinonaias ligamentina + + +
Alasmidonta marginata + + -
Alasmidonta viridis +
Amblema plicata + + +
Anodonta grandis + + +
Anodonta imbecillis + + +
Anodonta suborbiculata + - +
Arcidens confragosus + + +
Cumberlandia monodonta + - +
Cyclonaias tuberculata + +
Ellipsaria lineolata + + +
Elliptio crassidens + + +
Elliptic dilatata + + +
Epioblasmia triquetra + -
Fusconaia ebena + + +
Fusconaia flava + + +
Lampsilis higginsi + + +
Lampsilis siliquoidea + + +
Lampsilis teres + + +
Lampsilis cardium (=ventricosa) + + +
Lasmigona complanata + + +
Lasmigona costata +
Leptodea fragilis + + +
Leptodea leptodon +
Ligumia recta + + +
Ligumia subrostrata + -
Megalonaias nervosa + + +
Obliquaria reflexa + + +
Obovaria olivaria + + +
Plethobasus cyphyu& + + +
Pleurobema cordatum complex + + +
Potamilus alatus + + +
Potamilus capax + +
Potamilus ohiensis + + +
Potamilus purpuratus - - +
(Table 4 concluded on next page)
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Table 4 (concluded).
Species Prior to 1930* 1930-1931** Since 1975***
Quadrula fragosa + - -
Quadrula metanevra + + +
Quadrula nodulata + + +
Quadrula pustulosa + + +
Quadrula quadrula + + +
Simpsonais ambigua + +
Strophitus undulatus + + +
Toxolasma parvus + + +
Tritogonia verrucosa + + +
Truncilla donaciformis + + +
Truncilla truncata + + +
Venustaconcha ellipsiformis + +
Total number of Species 46 38 36
Total number of Species recorded during historical and recent studies = 47
* Recorded by Grier and Mueller (1922-1923).
* Collected by M. M. Ellis (van der Schalie and van der Schalie 1950). Van der Schalie
and van der Schalie did not specify whether all specimens were alive when collected,
but presumably the numbers they reported refer to live specimens.
*** Collected alive by Freftag (1978), Fuller (1978), or Ecological Analysts (1981b),
except for Potamilus purpuratus, which was reported by Oesch (1984).
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Table 5. Percent of total mussels collected from the upper Mississippi River by Ellis
during 1930 and 1931 (van der Schalie and van der Schalie 1950), and by
Fuller (1978). Values were calculated by Fuller (1980).
Species Ellis Fuller
Actinonaias ligamentina 0.17 0.35
Alasmidonta marginata 0.06 0.00
Amblema plicata 6.91 34.68
Anodonta grandis 3.12 1.94
Anodonta imbecillis 2.62 2.11
Arcidens confragosus 0.10 0.57
Cumberlandia monodonta 0.00 0.08
Cyclonaias tuberculata 0.01 0.00
Ellipsaria lineolata 0.41 0.48
Elliptio crassidens 0.01 0.01
Elliptio dilatata 1.98 1.08
Fusconaia ebena 3.56 0.00
Fusconaia flava 5.01 3.29
Lampsilis cardium (=ventricosa) 4.04 1.07
Lampsilis higginsi 0.04 0.01
LampsfTis siliquoidea 4.82 0.08
Lampsilis teres 13.81 0.23
Lasmigona complanata 0.88 0.13
Leptodea fragilis 10.10 1.27
Ligumia recta 0.67 0.24
Megalonaias nervosa 1.17 2.64
Obliquaria reflexa 3.22 3.05
Obovaria olivaria 5.61 5.43
Plethobasus cyphyus 0.12 0.00
Pleurobema cordatum complex 0.14 0.03
Potamilus alatus 3.75 1.38
Potamilus capax 0.68 0.00
Potamilus ohiensis 2.80 0.78
Quadrula metanevra 2.61 0.30
Quadrula nodulata 1.15 4.02
Quadrula pustulosa 4.98 9.07
Quadrula quadrula 4.06 6.26
Simpsonaias ambigua 0.01 0.00
Strophitus undulatus 0.97 0.1 8
Toxolasma parvus 0.09 2.36
Tritogonia verrucosa 4.98 0.00
Truncilla donaciformis 3.17 14.20
Truncilla truncata 1.13 2.65
Venustaconcha ellipsiformis 0.01 0.00
Total Number of Species 38 3 1
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Table 6. Numbers and percent of total mussels collected from the Mississippi River in the
vicinity of Hannibal, Missouri, by Ellis during 1930 and 1931 (van der Schalie and
van der Schalie 1950), and at sites in Pool 22 during 1980 by Ecological Analysts
(1981b).
Study
Ellis Ecological
Species Analysts
# collected % # collected %
Amblema plicata
Anodonta grandis
Anodonta imbecillis
Ellipsaria lineolata
Fusconaia ebena
Fusconaia flava
Lampsilis cardium (=ventricosa)
Lampsilis teres
Lasmigona complanata
Leptodea fragilis
Ligumia recta
Megalonaias nervosa
Obliquaria reflexa
Obovaria olivaria
Potamilus alatus
Potamilus capax
Potamilus ohiensis
Quadrula nodulata
Quadrula pustulosa
Quadrula quadrula
Tritogonia verrucosa
Truncilla donaciformis
Truncilla truncata
Total Number of Species
Total Number of Individuals
7
7
2
.0
79
-"
41
1
13
23
3
29
57
1
5
13
10
2.40
0.00
0.00
0.00
2.40
0.69
0.00
27.15
0.00
14.09
0.34
4.47
7.90
1.03
0.00
9.96
19.59
0.34
0.00
1.72
4.47
3.44
0.00
69
6
4
8
10
16
4
1
6
3
35
22
6
37
26
24
27
9
4
15
21.63
1.88
1.25
2.51
0.00
3.13
5.02
1.25
0.03
1.88
0.00
0.94
11.28
7.52
1.88
0.00
10.16
7.84
7.52
8.46
0.00
2.82
1.25
19
317291
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the absence of Potamilus capax and of Tritogonia verrucosa (which made up 9.96% and
4.47%, respectively, of Ellis' Hannibal collection) from the collection of Ecological Analysts.
It should be noted that even these "quantitative" data permit drawing only limited conclusions
about changes in the fauna. Differences in sampling methods among the various studies probably
are responsible for most of this limitation. In particular, it is likely that each sampling method
would have been more efficient in some habitats and less so in others. These differences in
sampling efficiency could result in over-representation of species that occur in the habitats
where a given method is most effective. For example, the dredge that Ellis used probably was
more efficient at sampling soft substrates than rocky ones. Species that tend to inhabit soft
substrates (e. g., Leptodea fragilis or Lampsilis teres, and possibly Potamilus capax),
therefore, may be over-represented in Ellis' collection. The brail, used by Fuller (1978) and
Ecological Analysts (1981b), probably was not as efficient as the dredge in soft substrates, but
probably was somewhat more effective in sampling substrates containing some rocks. Where
the dredge was effective, it probably sampled all species and size classes equally. The brail, on
the other hand, tends to be selective because getting mussels to attach to the hooks depends upon
factors such as the size and orientation of mussels, as well as how tightly they close upon the
hooks or how firmly they are embedded in the substrate. Thus, it is likely that some species are
more susceptible to being sampled with the brail than are others and would be over- or
under-represented in brail collections. The sampling bias introduced by the brail probably is
minimized when brail sampling is supplemented with SCUBA sampling and wading collections, as
in the study of Ecological Analysts (1981b).
Even if sampling methods were uniform in all of the above studies, problems still would exist
in comparing them. Comparing total collections from each study undoubtedly obscures
differences that occur in upstream vs. downstream reaches. This problem is evident especially
when comparing Fuller's (1978) study to Ellis' (van der Schalie and van der Schalie 1950),
because Ellis' study area extended approximately 120 river miles farther downstream than did
Fuller's. If certain species are more abundant in this lower reach of the river, their scarcity in
or absence from Fuller's collection could not be interpreted as a change in the fauna. Comparing
two studies restricted to the same approximate area still may be problematic, because unless
exact areas are specified, the two studies may actually have sampled different habitats, and
different species might be expected to have been represented, or they may have been present in
different proportions.
Although many of the observed increases and decreases in the preceding comparisons may not
reflect actual changes in the fauna (for example, the apparent decline of Leptodea fragilis is not
reflected in the results of the present study), some of these are corroborated by other studies.
For example, recent studies (including those using SCUBA sampling) (Kindschi 1980) have
collected species such as Fusconaia ebena and Lampsilis teres only rarely, suggesting that their
numbers indeed have been reduced since the 1930's. Also, while shells of Potamilus capax have
been found since Ellis' survey, no living specimens have been reported since then. The increase
in relative abundance of Amblema plicata, which appears to be more tolerant than other unionid
species to the environmental changes that have occurred in the upper Mississippi River, also
has been observed in many studies (Kindschi 1980) conducted since the Ellis survey.
Surprisingly, this increase was not reflected in the results of the present study.
In spite of the changes that have occurred in the mussel fauna of the upper Mississippi River,
known populations of one federally listed endangered species (Lampsilis higginsi), as well as of
other rare species, presently occur in the river. Still other rare species (such as the federally
listed endangered Potamilus capax), while not collected alive from the Mississippi in recent
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years, may persist there. (See the section of this report entitled, "Endangered and Other
Special-Status Mussels..." for a discussion of these species and their status in the upper
Mississippi River.)
The mussel fauna of the upper Mississippi River also continues to support commercial shelling
for the cultured pearl industry. Three species, Amblema plicata, Megalonaias nervosa, and
Quadrula quadrula, constitute the bulk of the present commercial harvest (Latendresse 1980).
A recently observed threat to the commercial mussel fishery of the upper Mississippi River, as
well as to the mussel fauna of the upper river as a whole, has been the sporadic but massive
die-off of mussels in some areas (Neves 1987). To date, the cause of these die-offs has not been
identified. Their long-term effect upon the mussel fauna of the upper Mississippi River, also,
has yet to be determined.
ENDANGERED AND OTHER SPECIAL-STATUS MUSSELS IN THE
UPPER MISSISSIPPI RIVER
Of the 46 species reported by Grier and Mueller (1922-1923) as historically present in the
Mississippi River (Table 4), two (Lampsilis higginsi and Potamilus capax) are listed as
federally endangered (USDI / FWS 1984a), and four (Cumberlandia monodonta, Leptodea
leptodon, Simpsonaias ambigua, and Quadrula fragosa) presently are under notice of review by
the U. S. Fish and Wildlife Service (Category 2: listing as threatened or endangered may be
appropriate, but more information must be gathered before the status of these species can be
determined) (USDI / FWS 1984b). Two of the species reported by Grier and Mueller
(Alasmidonta viridis and Epioblasma triquetra) have been proposed for listing as endangered in
Illinois, and four (Ellipsaria lineolata, Elliptio crassidens, Plethobasus cyphyus, and
Venustaconcha ellipsiformis) have been proposed for state listing as threatened. A discussion of
the past and present occurrence of these species in the upper Mississippi River follows below.
Federally Listed Endangered Species
Lampsilis higginsi
In Illinois, Lampsilis higginsi has been recorded primarily from the Mississippi and Illinois
rivers. Records also exist from the Kankakee, Rock, and Spoon rivers. Only one historical
record of L. higginsi has been discovered from the Mississippi River at Pike County, Illinois
(the vicinity of the present study area). Two specimens, collected from "Taylor, Missouri"
(Probably Taylor Island, Illinois -K. S. Cummings, INHS, pers. comm.) are deposited in the
Mollusk Collection of the U. S. National Museum.
Recent (i. e., post-1965) Illinois records for Lampsilis higginsi have been restricted to
localities above Oquawka (MRM 416) in Henderson County, Illinois (Havlik 1981). The U. S.
Fish and Wildlife Service, in its "Quarterly Update, Regional Section 7 Species List" (dated 6
September 1986), defined the present downstream limit of the range of L. higginsi as Lock and
Dam 20. However, this species recently (1986, reported in 1987) was collected from Pool 22,
at Hannibal, Missouri (M. E. Havlik, pers. comm.).
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Potamilus capax
Potamilus capax has been recorded in Illinois primarily from the Mississippi, Ohio, and Wabash
rivers (Parmalee 1967). This species formerly was widespread but apparently never was
especially abundant in the Mississippi River (van der Schalie and van der Schalie 1950).
According to Nelson and Freitag (1980), no live individuals of Potamilus capax have been
recorded from the Mississippi River since Ellis' 1930-1931 collection (van der Schalie and
van der Schalie 1950). (While van der Schalie and van der Schalie did not specify whether
Ellis' specimens were collected alive, numbers reported presumably refer to live mussels.) The
Illinois State Museum has two records for P. capax (both from "6 mi. S. Hull," Pike County,
Illinois, collected in 1953 and 1956, respectively), but museum records do not indicate
whether the specimens were collected alive or as dead shells.
During his survey of 1930-1931, Ellis collected a total of 47 individuals of Potamilus capax
from nine of his 14 zones (van der Schalie and van der Schalie 1950). Localities where it was
collected ranged from Zone 2 (an area below Lake Pepin) to Zone 14 (Grafton, Illinois, area). As
indicated in the preceding discussion of the historical and present mussel fauna of the upper
Mississippi River, the majority of of P. capax (29 of 47 specimens collected) were taken by
Ellis from the Hannibal area; P. capax made up 9.96% of all mussels taken from that zone.
These data suggest that, at least historically, the vicinity of the present Hannibal Bridge study
area was an important site for P. capax in the Mississippi River.
While no living individuals of Potamilus capax have been found in recent mussel surveys in the
Mississippi River (Nelson and Freitag 1980), some dead and subfossil valves recently have been
collected from Pools 19 through 24. Table 3 lists localities and dates for recent collections of P.
capax shells.
Most shells collected recently have been described as subfossils - they are chalky and most of the
periostracum is worn away. However, all three valves collected by Hazelton Environmental
Sciences from Cottel Island in 1979 (Table 3) were reported to have some periostracum
remaining (Kindschi 1980). Shells collected in 1986 by L. M. Koch of the Missouri Department
of Conservation (pers. comm.) from two sites in Pool 21 and from one site in Pool 24 were
described by Dr. D. H. Stansbery of the Ohio State University Museum of Zoology as being "in a
very good state of preservation." Dr. Stansbery also commented that he had "not seen specimens
this well preserved from the upper Mississippi River in well over half a century" (pers. comm.
to L. M. Koch, 29 Sept. 1986). Although, as Dr. Stansbery went on to point out, determination of
the length of time that a shell has been dead is difficult and depends upon the conditions to which
it has been subjected since death, shells of Potamilus capax tend to be relatively thin and readily
broken. Therefore, it is possible that the shells collected by Koch had been alive within the past
several years. Almost certainly, they were alive more recently than the time (1930 to 1931)
of the Ellis survey.
As is true for most unionids, the habitat requirements for Potamilus capax are poorly
understood. However, it has been suggested that P. capax inhabits sandy or muddy areas,
possibly away from the main channel of the river, e. g., backwaters (Parmalee 1967; Nelson and
Freitag 1980; Ecological Analysts 1981b). This may explain its absence from recent
collections. The dredge used by Ellis to collect the 29 individuals of P. capax from the Hannibal
area (and elsewhere) has not been employed in any published mussel survey since that time. It
is possible that Ellis' dredge was particularly efficient at sampling the habitat of P. capax, while
presently used sampling methods are not. Sampling with divers would seem to be as efficient a
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method as any; however, recent surveys have concentrated their efforts in and near the main
channel of the river, which may not be where P. capax occurs. It is possible that exploration by
divers of habitats away from the channel would turn up live specimens of P. capax in Pool 22 and
elsewhere in the upper Mississippi River.
Species Presently Under Consideration for Federal Listing as Endangered or Threatened
Cumberlandla monodonta
Cumberlandia monodonta has been recorded from the upper Mississippi River at several sites,
including some recently collected locations. Nelson and Freitag (1980) listed eight sites (pools
16 through 19) where live specimens of this species had been collected between 1976 and 1979.
In addition, Ecological Analysts (1981b) found one specimen in pools 16 and 17, respectively,
during 1979 and 1980. In their report, Ecological Analysts cited other studies in which C.
monodonta was collected, including one by Stanley Consultants (1979), in which four individuals
were brailed from Pool 17. Also cited were studies by NUS Corp. (1979) and Ecological Analysts
(1981 a), in which divers collected 16 and 12 individuals, respectively, from Pool 15.
The habitat of Cumberlandia monodonta in the upper Mississippi River appears to be restricted to
substrates including particles at least as coarse as gravel (Nelson and Freitag 1980; Ecological
Analysts 1981 a, in Ecological Analysts 1981b; Ecological Analysts 1981b). Often, it has been
reported from pockets of fine sediment among boulders and rubble, in or near moderate to swift
current (Stansbery 1966; Fuller 1978; Ecological Analysts 1981a, in Ecological Analysts
1981 b). Most of the live specimens recently discovered in the upper Mississippi River have
been found in mussel beds bordering the main channel and in side channels (Nelson and Freitag
1980).
Inefficiency of sampling with a dredge in rocky habitats may explain why Ellis did not collect
Cumberlandia monodonta in his survey (van der Schalie and van der Schalie 1950). Inefficient
sampling in such habitats also may be responsible for under-representation of C. monodonta in
brail surveys (e. g., Fuller 1978). The relatively large densities of this species discovered by
divers (Ecological Analysts 1981a, in Ecological Analysts 1981b) emphasizes the importance of
using divers to detect populations of C. monodonta.
Although most records for Cumberlandia monodonta are concentrated in pools 16 through 19,
A. W. Fritz of the Illinois Department of Conservation (pers. comm.) reported that several live
specimens were collected by a commercial mussel fisherman from just below Lock and Dam 26
(Alton, Madison County, Illinois). This record suggests that C. monodonta also may be present
between pools 19 and 26.
Leptodea leptodon
Few records are available for Leptodea leptodon in the upper Mississippi River, and none of these
are recent (Baker 1906; Utterback 1917; Univ. of Illinois Natural History Museum records).
This species has been collected in Missouri in recent years (1965 to 1978) from several sites in
the Meramec, Big Bourbeuse, Big, and Gasconade rivers, and in Auxvasse Creek (Buchanan 1980;
Oesch 1984). It should be pointed out, however, that the drainages comprising the above streams
flow into the Mississippi River downstream from St. Louis.
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Leptodea leptodon was collected from the Meramec system by Buchanan (1980) from gravel and
cobble (rarely sand) substrates in shallow ("1 inch to 1 foot" deep), slowly to moderately
flowing water. Call (1900) reported L. leptodon from muddy substrates in the Wabash and Ohio
rivers.
Quadrula fragosa
Historical records exist for Quadrula fragosa in the upper Mississippi River (e. g., Grier and
Mueller 1922-1923), but it has not been reported during any of the more recent mussel
surveys discussed in the present report (Table 4).
Quadrula fragosa closely resembles 0. quadrula; in fact, some authors consider 0. fragosa and
0. quadrula to represent the same species (Burch 1975). Dr. D. H. Stansbery of the has argued
(and convinced some) that Q. fragosa is a good species (Fuller 1980), but no published account to
enable diagnosis of the respective species is available. Thus, it is likely that even if Q. fragosa
was collected during recent studies, it may not have been distinguished from Q. quadrula.
A review of museum specimens collected during some of these surveys possibly would reveal
individuals of Q. fragosa. Nevertheless, no accurate assessment of the status of this species in the
upper Mississippi River can be made until the taxonomic problems surrounding it are resolved.
Simpsonaias ambigua
Historical records of Simpsonaias ambigua in the upper Mississippi River include specimens
collected at Prairie du Chien (Crawford Co., Wisconsin), Davenport (Scott Co., Iowa), Moline
(Rock Island Co., Illinois), Mercer Co., Illinois, and Alton (Madison Co., Illinois) (Howard 1951;
Clarke 1985). The lack of recent records may be due as much to the difficulty with which this
species is located as to its actual scarcity. Identifying and locating the microhabitat of S. ambigua
(cracks in bedrock and spaces under bedrock ledges; spaces under large, flat rocks) has resulted
in the recent (1981) discovery of this species in the Wisconsin River (D. J. Heath, Wisconsin
Department of Natural Resources, pers. comm.). Thus, it is possible that S. ambigua still may
occur in the upper Mississippi River.
Species Proposed for Listing as Endangered in Illinois
Alasmidonta viridis
Grier and Mueller (1922-1923) reported collecting Alasmidonta viridis near Fountain City,
Wisconsin, which is located on the Mississippi River. Other such historical records exist (e. g.,
one from Mercer Co., Illinois, collected around 1900; data from the INHS Mollusk Collection),
although Clarke (1981) did not include any Mississippi River records in the distribution he gave
for this species.
Generally speaking, Alasmidonta viridis is more characteristic of creeks than of large rivers
(van der Schalie 1938; Parmalee 1967). Van der Schalie (1938) pointed out that although this
species sometimes was collected from larger rivers, it probably always was rare in that type of
situation. It is possible that the individuals of A. viridis collected historically from the upper
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Mississippi River occurred in shallow riffles, under conditions that may have resembled smaller
streams. Since little or none of this type of habitat remains in the Mississippi River, it is
doubtful that A. viridis still occurs here.
Epioblasma triquetra
Grier and Mueller (1922-1923) reported Epioblasma triquetra from the upper Mississippi
River (specifically, from Lake Pepin), although Baker (1928) expressed skepticism about the
validity of these records. Johnson (1978), however, listed records of E. triquetra from the
Mississippi river at Davenport and Muscatine, Iowa, respectively (no date given). This species
was not collected by Ellis (van der Schalie and van der Schalie 1950).
Parmalee (1967) mentioned that, in Illinois, Epioblasma triquetra was known from
medium-sized as well as large rivers, such as the Mississippi. Records, however, are scarce.
Information from the Illinois State Museum and INHS mollusk collections indicates that the only
Illinois records for E. triquetra within the past 40 years are from the Embarras and Kankakee
rivers. Recent surveys in the Kankakee have not yielded this species (Suloway 1981; pers.
observation), although it was collected alive during 1986 from the upper Embarras (INHS
museum records and K. S. Cummings, pers. comm.).
The habitat for E. triquetra has been reported rather consistently as shallow riffles with swift
water and coarse substrate (Baker 1928; Parmalee 1967; Buchanan 1980). Since human
activities within the upper Mississippi River have all but eliminated such habitats, it is highly
doubtful that E. triquetra still would occur here.
Species Proposed for Listing as Threatened in Illinois
Ellipsaria lineolata
Although Ellipsaria lineolata has been proposed for threatened status in Illinois, it is not
uncommon in the upper Mississippi River. For example, Ecological Analysts (1981b) collected
it from all but two of the 13 pools they sampled. However, E. lineolata appears to be found
exclusively in the large rivers that border Illinois: the Mississippi, Ohio, and Wabash
(Parmalee 1967). Also, it has been extirpated from the Illinois River, where formerly it was
common (Starrett 1971).
Elliptio crassidens
Elliptio crassidens was reported from the upper Mississippi River by Grier and Mueller
(1922-1923), and Ellis collected it from Zone 2 (just below Lake Pepin) during 1930 to
1931 (van der Schalie and van der Schalie 1950). Only one specimen, however, was collected
by Ellis during the entire study. Oesch (1984) did not show any post-1920 records for E.
crassidens from the Mississippi River in Missouri. More recently, Fuller (1978) collected
one specimen of E. crassidens from Pool 10.
Parmalee (1967) indicated that in Illinois, Elliptio crassidens is a species of large rivers and
that it was "locally common in the Mississippi River above St. Louis." Danglade (1914) found it
to be common but widespread in the Illinois River, although it appears to have been extirpated
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from that river prior to 1930 (Starrett 1971). Elliptio crassidens has been collected in
Illinois within the past five years from several sites in the Wabash and Ohio rivers (INHS
Mollusk Collection data).
Plethobasus cyphyus
Ellis (van der Schalie and van der Schalie 1950) collected Plethobasus cyphyus from four
different zones during his 1930 and 1931 study, including Zone 12 (in the vicinity of
Louisiana, Missouri, within the present Pool 24). This species still is collected from the upper
Mississippi River, although rarely. Ecological Analysts (1981b) collected P. cyphyus from one
site in Pool 16 and from two sites in Pool 17. Plethobasus cyphyus was not collected from Pool
22 during any of the studies represented in Table 2.
Venustaconcha ellipsiformis
Ellis collected seven specimens of Venustaconcha ellipsiformis from the Mississippi River in
the vicinity of Lake Pepin (Zone 1) during 1930 and 1931 (van der Schalie and van der Schalie
1950). Zone 1 was the only zone from which he collected this species. Venustaconcha
ellipsiformis was not collected from Pool 22 during any of the studies represented in Table 2,
and Oesch (1984) showed no recent or historical records for it from the Mississippi River in
Missouri. Fuller (1980) considered this species to be "extralimital" in the upper Mississippi
River. In Illinois, Venustaconcha ellipsiformis has been recorded from medium and small
rivers, primarily in the northern third of the state (Parmalee 1967; INHS Mollusk Collection
data).
DISCUSSION
The present survey for unionid mussels in the vicinity of the proposed U. S. Route 36 bridge
yielded 24 live individuals representing nine species during brail sampling, and 78 live
individuals representing 17 species during SCUBA sampling. All species collected with the brail
also were collected during SCUBA sampling. It is interesting to note, however, that the two most
abundant species from the SCUBA collection (Leptodea fragilis and Megalonaias nervosa, which
together made up over one-third of that collection) were not taken at all during brail sampling.
The total number of species collected during the present study was two fewer than that collected
from Pool 22 by Ecological Analysts (1981b). Present in the Pool 22 collection of Ecological
Analysts but not collected during the present study were Anodonta imbecillis and Lasmigona
complanata. All species collected during the present study were represented in the collection
from Pool 22 by Ecological Analysts. Although the species lists from the two studies were almost
identical, the relative abundance of several species from the respective studies appears to be
quite different. Some striking differences can be seen in the relative abundances of Amblema
plicata (accounting for 21.63% of Ecological Analysts' collection from Pool 22 vs. 7.69% in the
present study), Leptodea fragilis (1.88% of Ecological Analysts' collection vs. 20.51% in the
present study), and Megalonaias nervosa (0.94% of Ecological Analysts collection vs. 17.75%
in the present study). The many difficulties involved in comparing different mussel surveys are
discussed in the section of this report entitled "Changes in the Mussel Fauna of the Mississippi
River." In this case, most of the differences in the relative abundance of species probably are
due to differences in area sampled and in sampling intensity per unit area.
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Data gathered during the present survey suggest that a mussel population, though not a
particularly large one, exists in the immediate vicinity of the proposed U. S. Route 36 bridge
alignment. According to information obtained from commercial mussel fishermen in the area,
mussels are abundant enough in the general vicinity of the Hannibal bridge project area to
support some commercial harvest. During brail sampling in September, 1986, INHS personnel
observed a crew of mussel fishermen, using a HOOKAH apparatus for diving, working near the
Missouri shore, just downstream of the existing U. S. Route 36 bridge. A mussel fisherman
using a brail also was observed working on the Missouri side of the river, approximately 50 m
upstream from the existing bridge. The mussel fishermen indicated that most commercial
harvest in the area is confined to the Missouri side of the river in the immediate vicinity of the
existing U. S. Route 36 bridge. They indicated further that the mussel population becomes sparse
as one moves upstream from the bridge, and that from at least 100 m downstream from the
proposed bridge alignment, the population is too small to support commercial mussel fishing.
Historical records (van der Schalie and van der Schalie 1950) indicate that a relatively large
population of Potamilus capax (federally listed as endangered) formerly existed in the
Mississippi River in the vicinity of Hannibal, Missouri (Tables 3 and 6). Shells (albiet mostly
subfossil valves) of P. capax have been collected recently from pools 19 through 24, including
specimens (collected in 1978) from Pool 22 (Table 3). The most recent of these finds are from
pools 21 and 24, collected in 1986. During the present study, however, no evidence of this
species or of its presumed habitat (backwater areas; see the section of this report entitled,
"Endangered and Other Special-Status Mussels...") was found.
Based upon recent and historical information, Lampsilis higginsi was believed unlikely to occur
within the present study area, and no live individuals or dead shells were found during the
present survey. However, as the final draft of this report was being prepared, M. E. Havlik of
Malacological Consultants, Inc., LaCrosse, Wisconsin, informed us that a recently dead (part of
the soft tissue still was attached) specimen of L. higginsi had been found just upstream of the
existing U. S. Route 36 bridge by Dr. G. Bogosian of Baldwin, Missouri, during July, 1986. The
identity of the specimen was confirmed by Dr. D. H. Stansbery of the Ohio State Museum in a
letter to Dr. Bogosian dated 7 December 1987. The presence of such a specimen suggests that
other live individuals of L. higginsi may be present within the proposed Hannibal bridge project
area. The finding of this specimen is particularly significant because it indicates L. higginsi
probably persists farther downstream than previously was thought (Havlik 1981).
No evidence (live individuals or dead shells) of any USDI / FWS (1984b) Category 2 species was
found during the present study. However, some areas of boulder, cobble, and rock (among the
types of habitat from which Cumberlandia monodonta has been reported [Nelson and Freitag
1980]) were encountered near the Missouri shore during SCUBA sampling. Certainly, not every
patch of such substrate in the upper Mississippi River supports a population of C. monodonta,
but historical records show some evidence for the possible occurrence of this species within the
study area, and such a possibility, however slight, should be noted. No bedrock ledges, etc., of
the type from which Simpsonaias ambigua has been reported (Howard 1951; Clarke 1985; D. J.
Heath, pers. comm.) were encountered during the present study.
Five individuals of Ellipsaria lineolata (proposed for listing as threatened in Illinois), were
collected during the present survey. Two individuals of this species were collected with the brail
and three were found during SCUBA sampling. No other species proposed for listing as
endangered or threatened in Illinois were found.
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SUMMARY
1. Historical information indicates that, at the beginning of this century, the upper Mississippi
River supported an abundant and diverse mussel fauna. At least 47 species have been recorded
from the main stem of the river, including two that are listed as federally endangered (Lampsilis
higginsi and Potamilus capax), four that presently are under consideration for federal listing
(Cumberlandia monodonta, Leptodea leptodon, Simpsonaias ambigua, and Quadrula fragosa), two
that have been proposed for listing as endangered in Illinois (Alasmidonta viridis and
Epioblasma triquetra), and four that have been proposed for state listing as threatened
(Ellipsaria lineolata, Elliptio crassidens, Plethobasus cyphyus, and Venustaconcha
ellipsiformis). From the present Pool 22, at least 25 species of mussels (including P. capax
and E. lineolata) have been recorded during studies since 1930.
2. Although limited data do not permit an exact characterization of the changes that have
occurred in the mussel fauna over the past century, there is little doubt that it has been reduced
in abundance and diversity. Nevertheless, the upper Mississippi River continues to support a
commercial mussel fishery, as well as known populations of Lampsilis higginsi (federally listed
as endangered), Cumberlandia monodonta (under consideration for federal listing), Ellipsaria
lineolata (proposed for listing as threatened in Illinois), and Plethobasus cyphyus (also
proposed for state listing as threatened).
3. Twenty-four individuals representing nine species of live mussels were collected during
brail sampling in September, 1986. Seventy-eight individuals representing 17 species were
collected during SCUBA sampling in October, 1987.
4. A commercial mussel bed exists on the Missouri side of the river in the immediate vicinity of
the existing U. S. Route 36 bridge, but the mussel population near the alignment for the proposed
bridge is relatively sparse.
5. A recently dead specimen of Lampsilis higginsi, collected during July, 1986, was reported
from within the present study area. It may represent an existing population of L. higginsi
within the proposed U.S. Route 36 bridge project area. Habitat of the type from which
Cumberlandia monodonta has been reported was encountered, but no individuals of this species
(live individuals or dead shells) were found.
6. Five individuals of Ellipsaria lineolata, a species proposed for listing as threatened in
Illinois, were found during the present study.
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Appendix 1. Species and numbers of mussels collected from each successful* brail run from
the Mississippi River (between MRM 309.9 and 309.2) at the site of the proposed
U.S. Route 36 bridge at Hannibal, Missouri, by INHS personnel on 15 and 16
September 1986. The location of each brail run is shown in Figure 2.
Brail Run Species Number
A-I
A-7
B-S
c..5
F-5
G-2
G-4
Amblema plicata
Obliquaria reflexa
Quadrula quadrula
Potamilus alatus
Ellipsaria lineolata
Quadrula quadrula
Quadrula pustulosa
Quadrula nodulata
Amblema plicata
Lampsilis cardium (=ventricosa)
Obovaria olivaria
Quadrula nodulata
Quadrula pustulosa
Obovaria olivaria
Potamilus alatus
Obovaria olivaria
Quadrula nodulata
Quadrula quadrula
H-2
H-4
H-S
* A successful brail run yielded at least one live unionid mussel.
35
Appendix 2. Live mussels collected during quantitative SCUBA sampling from the Mississippi River
(MRM 309.6) at Hannibal, Marion County, Missouri, on 9, 10, and 11 October, 1987.
Site Substrate Depth Grid 1 Grid 2 Grid 3 Grid 4
U1 boulders,
rocks
D1 boulders,
rocks
U2 cobble,
small rocks
D2 cobble,
small rocks
10' 2- L. fragilis
1-P. ohiensis
1-T. truncata
10' 4-L fragilis
1-A. grandis
1-0. olivaria
20' 1-0. olivaria
20' 2-M nervosa
1-L teres
1 -E. lineolata
1-L fragilis
1-T. truncata
1-A.plicata
2-L fragilis
1-T. truncata
1-P. alatus
2-L fragilis
1-0. quadrula
1-0. reflexa
4-M. nervosa
1-0. pustulosa
1-0. quadrula
1-E. lineolata
1-L fragilis
2-L fragilis
2-P. alatus
1-0. olivaria
1-T. truncata
1-T. donaciformis
1-T. truncata
1-P. alatus
3-M. nervosa
1-L cardium
1-F. flava
1-0. pustulosa
1-A. plicata
1 -L cardium
1-M. nervosa
0
3-T. donaciformis
1-A. plicata
1-L. fragilis
3-M. nervosa
1-E. lineolata
U3 loose sand 30' 0
D3 loose sand 30' 0
U4 sand, with
pea gravel
D4 sand, with
pea gravel
30'
30'
0
0
U5 loose sand 30' 0
D5 loose sand 30' 0
U6 loose sand 30' 0
D6 loose sand 30' 0
(Appendix 2 concluded on next page)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
O2
12
a)
It)
IZ)
0
0
0
0
0
0
0
0
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Appendix 2 (concluded).
Site Substrate Depth Grid 1 Grid 2 Grid 3 Grid 4
U7 moderately
packed
fine sand
D7 moderately
packed
fine sand
U8 fine sand,
with some
silt
D8 3/4" silt
over fine
sand
U9 2" fine silt
over hard-
packed sand
D9 >3" silt
over sand
U10 2" fine silt
over hard-
packed sand
010 >3"silt
over sand
12'
12'
0
0
10' 1-0. reflexa
10' 0
10' 0
8' 0
8' 2-A. plicata
8' 1-0. olivaria
1-L cardium
1-P. ohiensis
0
0
0
0
1-0. olivaria
1 -M. nervosa
1-A plicata
0
1-L fragilis
1-0. nodulata
0
0
1-0. olivaria
0
1-P. alatus
1-0. quadrula
0
1 -P. ohiensis
0
0
0
1-0. nodulata
1-0. olivaria
0
0
0
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APPENDIX 3
SUMMARY OF SELECTED SURVEYS
OF UPPER MISSISSIPPI RIVER MUSSELS
(Discussed in the present report)
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Appendix 3-A.
AUTHOR AND REFERENCE: Ellis (van der Schalie and van der Schalie 1950)
WHEN STUDY CONDUCTED: 1930 and 1931
REACH OF RIVER SAMPLED: Lake Pepin (present Pool 14) at Frontenac, MN to below the mouth
of the Illinois River (present Pool 26) at Grafton, IL
NO. OF SITES SAMPLED: (from locality data) 75 sites, grouped into 14 Zones
SAMPLING METHODS: Dredging (6 sq ft. of bottom material brought to surface
and sorted). Also pollywogging, raking, and sieving supplemented dredge collections.
TOTAL NO. OF SPECIES COLLECTED (ALIVE): 38 [counting Lampsilis anodontoides anodontoides
and L. a. fallaciosa as one, both synonyms of L. teres (CSM / AMU 1987, in press)]
TOTAL NO. OF INDIVIDUALS COLLECTED (ALIVE): 6,902
NO. OF SPECIES COLLECTED FROM POOL 22: 15
NO. OF INDIVIDUALS COLLECTED FROM POOL 22: 291
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Appendix 3-B.
AUTHOR AND REFERENCE: UMRCC (Perry 1979)
WHEN STUDY CONDUCTED: 1975 through 1978
REACH OF RIVER SAMPLED: Pool 9 (MRM 673.1) to just above the mouth of the Ohio River
(MRM 39.4)
NO. OF SITES SAMPLED: 165
SAMPLING METHODS: Initially, collecting shells from dredge spoils, later, brailing; also,
hand-picking (wading and SCUBA diving). Sampling methods and effort not uniformly
distributed among sites.
TOTAL NO. OF SPECIES COLLECTED (AUVE): 33 (see comments below)
TOTAL NO. OF INDIVIDUALS COLLECTED (AUVE): not reported
NO. OF SPECIES COLLECTED FROM POOL 22: 16 (see comments below)
NO. OF INDIVIDUALS COLLECTED FROM POOL 22: not reported
COMMENTS: The two Anodonta grandis subspecies (grandis and corpulenta) collected during
this study were counted as one in the above total (CSM / AMU 1987, in press). Likewise,
Lampsilis anodontoides and L. a. fallasciosa of Perry's list are combined as L. teres in
the above total. There is some doubt as to which species reported by Perry actually were
collected alive. Potamilus purpuratus probably was not collected alive, but it is included
because it was not recorded by Grier and Mueller (1922-1923) or by van der Schalie
and van der Schalie (1950). Other recent records for P. purpuratus in the Mississippi
River were reported by Oesch (1984) from Missouri, between St. Louis and the mouth of
the Ohio River.
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Appendix 3-C.
AUTHOR AND REFERENCE: Fuller (1978)
WHEN STUDY CONDUCTED: July to September 1977
REACH OF RIVER SAMPLED: Pool 1 (Minneapolis, MN) to Pool 21 (Quincy, IL)
MRM 857.8 to 338.5
NO. OF SITES SAMPLED: approx. 40
SAMPLING METHODS: All deep sites were brailed. Some shallow areas were hand-sampled
(wading, pollywogging).
TOTAL NO. OF SPECIES COLLECTED (AUVE): 31
TOTAL NO. OF INDIVIDUALS COLLECTED (ALIVE): >8,000 (specimens of Amblema plicata,
where extremely abundant, were not enumerated precisely)
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Appendix 3-D.
AUTHOR AND REFERENCE: Freitag 1978 (Kindschi 1980)
WHEN STUDY CONDUCTED: August-September 1978
REACH OF RIVER SAMPLED: MRM 301.9 to 485.0 (Pools 16, 18, 19, 20, 22)
NO. OF SITES SAMPLED: 9
SAMPLING METHODS: brailing and pollywogging
TOTAL NO. OF SPECIES COLLECTED (AUVE): 28
TOTAL NO. OF INDIVIDUALS COLLECTED (ALIVE): 432 [but at one site (MRM 485.0) not all
specimens were enumerated]
TOTAL NO. OF SPECIES COLLECTED FROM POOL 22: 10
TOTAL NO. OF INDIVIDUALS COLLECTED (ALIVE) (Pool) 22: 60
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Appendix 3-E.
AUTHOR AND REFERENCE: Ostdiek et al. 1979 (Kindschi 1980)
WHEN STUDY CONDUCTED: 1979
REACH OF RIVER SAMPLED: MRM 327 to 332; MRM 319
NO. OF SITES SAMPLED: 6 (one in Pool 22)
SAMPLING METHODS: not specified
TOTAL NO. OF SPECIES COLLECTED (ALIVE): 15 (16, if the record of Potamilus purpuratus is
valid; available records suggest that this species does not occur in the Mississippi River
above the mouth of the Missouri River. Furthermore, Potamilus purpuratus may be
confused easily with the more common P. alatus.
TOTAL NO. OF INDIVIDUALS COLLECTED (AUVE): 1,699
NO. OF SPECIES COLLECTED FROM POOL 22: 8
NO. OF INDIVIDUALS COLLECTED FROM POOL 22:172
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Appendix 3-F.
AUTHOR AND REFERENCE: Ecological Analysts 1981b
WHEN STUDY CONDUCTED: 1979 and 1980
REACH OF RIVER SAMPLED: Below Lock and Dam 10 (MRM 613.1) to below Lock and Dam 22
(MRM 299.8)
NO. OF SITES SAMPLED: 29 channel maintenance sites, plus 3 known beds for comparison
SAMPLING METHODS: brail for all deep areas (where mussels were found abundantly with the
brail, 0.5-m 2 quadrats were sampled by divers); wading, pollywogging, and raking for
shallow areas
TOTAL NO. OF SPECIES COLLECTED (AUVE): 33
TOTAL NO. OF INDIVIDUALS COLLECTED (AUVE): 9,710
NO. OF SPECIES COLLECTED FROM POOL 22: 18
NO. OF INDIVIDUALS COLLECTED FROM POOL 22: 319
